The effects of exchange rate risk have interested researchers, since the collapse of fixed exchange rates. Little consensus exists, however, regarding its effect on exports. Previous studies implicitly assume symmetry. This paper tests the hypothesis of asymmetric effects of exchange rate risk with a dynamic conditional correlation bivariate GARCH(1,1)-M model. The asymmetry means that exchange rate risk (volatility) affects exports differently during appreciations and depreciations of the exchange rate. The data include bilateral exports from eight Asian countries to the US. The empirical results show that real exchange rate risk significantly affects exports for all countries, negative or positive, in periods of depreciation or appreciation. For five of the eight countries, the effects of exchange risk are asymmetric. Thus, policy makers can consider the stability of the exchange rate in addition to its depreciation as a method of stimulating export growth.
Does Exchange Rate Risk Affect Exports Asymmetrically?
Asian Evidence
I. Introduction
The relationship between exchange rate risk and exports has received considerable attention since the collapse of fixed exchange rates in the early 1970s. Ethier (1973) argues that exchange rate risk could lower exports due to profit risk. De Grauwe (1988) , however, suggests that exporters might increase exports to offset potential revenue losses. Broll and Eckwert (1999) note that the price of an option to export increases with risk. Pozo (1992) uncovers a negative effect of exchange rate risk on UK exports to the US. Chowdhury (1993) and Arize (1995 Arize ( , 1996 Arize ( , 1997 find negative effects of exchange rate risk on US, European, and G7 exports. Weliwita, Ekanayake, and Tsujii (1999) and Fang and Thompson (2004) provide evidence of negative effects for Sri Lanka and Taiwan. Arize, Osang, and Slottje (2000) and Arize, Malindretos, and Kasibhatla (2003) conclude that exchange rate risk generates a negative effect on LDC exports, using a moving sample standard deviation model. In contrast, Asseery and Peel (1991) find positive effects for multilateral exports except for the UK. Kroner and Lastrapes (1993) discover positive effects for France, Germany, and Japan, but negative effects for the UK and the US.
McKenzie and Brooks (1997) report positive effects for Germany and the US. Finally, Klaassen (2004) reports no effect of monthly bilateral US exports on other G7 countries.
While a variety of theoretical and empirical models attempt to isolate quantitatively important effects of exchange rate risk on exports, all work proceeds under the assumption of symmetry, meaning that no difference exists between the risk effects of exchange rate appreciation and depreciation. Tse and Tsui (1997) find that a depreciation shock produces a greater effect on future volatility in exchange rates than an appreciation shock of the same magnitude. Risk-averse exporters behave differently when facing different degrees of foreign exchange market volatility. Thus, different risk effects emerge under conditions of exchange rate 1 depreciation and appreciation. This paper tests the hypothesis of asymmetric effects of exchange rate risk on exports, where the asymmetry measures possible differences in the exchange rate risk (volatility) effect when the exchange rate appreciates and depreciates.
No empirical studies directly test whether exchange rate risk acts symmetrically or asymmetrically. Some inferences emerge from the research on export price adjustments to exchange rate changes (Krugman 1987 , Sercu 1992 , Knetter 1994 , Kanas 1997 , and Mahdavi 2000 . These papers establish the hypothesis that the risk profile of economic exposure exhibits asymmetry. That is, changes in the export price differ between real depreciations and real appreciations. Our paper considers whether we observe different exchange rate risk effects on exports between depreciations and appreciations.
Whether asymmetric risk effects exist proves important to policy makers. Conventional wisdom argues that depreciation increases exports, but exchange rate risk induced by the depreciation can hurt exports. Thus, market intervention to stimulate exports may fail, if the authorities ignore the effects of exchange rate risk. Fang and Thompson (2004) show that exports respond positively to depreciations and negatively to risk effects, but the net effect only adds noise to export fundamentals. The existence of asymmetric risk effects further complicates and increases the uncertainty of trade policy. Thus, successful trade policy requires a full understanding and control of exchange risk during periods of depreciation and appreciation.
To study the effects of exchange rate risk requires a measure of the unobservable exchange rate risk. Hodrick and Srivastava (1984) identify exchange risk as conditional and time varying. Moving standard deviations of the exchange rate maintain the hypothesis of homoskedascity while serving as a proxy for heteroskedastic risk in Chowdhury (1993) , Arize, Osang, and Slottje (2000) , and Arize, Malindretos, and Kasibhatla (2003) . This approach raises a logical inconsistency and probably proves inadequate to capture fully exchange rate risk dynamics. Generalized autoregressive conditional heteroskedasticity (GARCH) models can successfully model relationships between means and variances as in Bollerslev (1986 Bollerslev ( , 1990 , Engle et al. (1987) , and Bollerslev et al. (1992) . This paper specifies exchange rate risk as time-varying exchange rate volatility constructed with a GARCH (1, 1) process following Bollerslev (1986) , such that a larger estimated conditional variance indicates more risk.
This paper contributes to the literature by using the bivariate GARCH-M model with dynamic conditional correlation (DCC) (Engle 2002) in measuring the exchange rate risk effect on exports and testing for asymmetry. Engle's DCC approach allows time-varying correlations between exports and the exchange rate. It differs from previous studies that implicitly assume a constant correlation. This paper uses monthly time-series data on bilateral exports from eight
Asian countries --Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Taiwan, and
Thailand --to the US for 1979 to 2003. The majority of existing studies consider developed countries, but the eight Asian countries, except Japan, industrialized during this period. Klaassen (2004) suggests that developing countries provide a better laboratory to study the effect of exchange risk on exports. Table 1 reports that the US accounts for a substantial portion of exports from these Asian countries. The average US share of total exports over the sample ranges from 16 percent for Indonesia to 34 percent for the Philippines. The bilateral approach can avoid asymmetric responses across exchange rates in highly aggregated data, and then focus on the asymmetric effects of the exchange rate risk.
After testing the time-series properties of the variables and identifying the GARCH or ARCH effects of the exchange rates, the empirical results of our bivariate GARCH-M DCC model provides some support for the asymmetry hypothesis. In each country, positive depreciation effects exist along with negative or positive exchange risk effects during depreciations or appreciations. For five of the eight countries, significant asymmetric effects of the exchange risk on exports occur. The evidence supports the uncertainty of exchange rate policies designed to influence exports.
The rest of this paper is organized as follows. Section 2 specifies the analytical framework, which includes the main elements of the time-varying correlation bivariate GARCH-M model designed to test for the asymmetric hypothesis of the exchange risk. Section 3 describes that data, analyzes the time-varying variances of exports and the exchange rates, and presents empirical results. Section 4 investigates the asymmetric effects of exchange rate risk on exports. Section 5 summarizes the empirical findings and provides concluding remarks.
II. The Bivariate GARCH-M Model and Testing for Asymmetric Effects
The nonstructural reduced-form export equation of Rose (1990) , Pozo (1992), and Klaassen (2004) provides the building block for our empirical analysis of the asymmetric effects of exchange rate risk on Asian exports to the United States. Real export revenue ( x ) depends on real foreign income ( ), the real exchange rate ( ), and real exchange rate risk ( ). Real export revenue equals nominal export revenue in domestic currency deflated by the consumer price index (CPI). Foreign income, the US industrial production index, should produce a positive effect on exports. The real exchange rate, the domestic currency price of the US dollar times the ratio of US to domestic CPIs, should exhibit a positive effect on exports. The real exchange rate eliminates potential ambiguity from adjusting price levels. 
where (1) to (9) constitute the DCC estimator proposed by Engle (2002) . If 1 θ = 2 θ =0, then it reduces to the Bollerslev (1990) constant conditional coefficient estimator.
Let denote the parameters in that includes all parameters in equations (1) to (5) and denote the parameters in 
The model focuses on the effects of exchange rate movements on exports and the reduced-form export equation includes depreciation and exchange rate risk as well as the rate of change of foreign income as explanatory variables. The signs, magnitudes, and significance of the estimated coefficients ( ) in equation (1) (1) implicitly assumes a symmetric response of the export revenue to the exchange rate risk.
To test for asymmetric effects, we test the hypothesis that differs between appreciations and depreciations. Let = + , where the dummy =1 for <0 (i.e.
an appreciation) and 0 for 0 (i.e. a depreciation). Equation (1) becomes
The estimated relations are as follows:
Depreciation:
, where measures the difference in the effects of the exchange rate risk between appreciations and depreciations. Equation (1a) replaces equation (1) in estimating our bivariate GARCH-M model. Statistical evidence consistent with an asymmetric effect exists, if either , or , (or both) significantly differs from zero and the two sums differ significantly from each other (or differs significantly from zero). If both sums prove statistically insignificant, then the exchange rate risk causes no effect on exports.
III. Data and Empirical Results
For each of the eight countries, the bilateral export variable equals monthly seasonally adjusted real export revenue for the US from January 1979 for Taiwan, where the data come from AREMOS. Perron (1989 Perron ( , 1997 suggests identifying break points by examining data and using dummy variables to capture shifts in mean or variance processes. Asian crisis raised exchange rate volatility in Indonesia, Korea, Malaysia, the Philippines, and
Thailand. The Philippines also experienced another volatile period from 1983 through 1984.
The properties of the time varying variance and correlation in exports and exchange rates suggest the bivariate GARCH(1,1)-M model with dynamic conditional correlation specified in equations (1a) to (9) to investigate the asymmetric effect of exchange rate risk. The general model is estimated first. Although neither autocorrelation nor heteroskedasticity exist, insignificant coefficients make it difficult to gauge the effect of the risk. Table 3 reports estimated coefficients and standard errors for a parsimonious version with insignificant variables deleted. The advantages of the parsimonious specification include higher precision of estimates from reduced multicollinearity, increased degrees of freedom, more reliable estimates, and greater power of tests. The insignificant likelihood ratio statistic, LR(k), at the 5-percent level suggests no difference between the general and the parsimonious models for each country.
All estimates of the ARMA components and dummy variables in mean equations (1a) and (2) (1a) to (9). The average of the coefficients ranges from 0.011 in Malaysia to 0.201 in Japan. The mean or the median is close to the unconditional coefficient in Table 2 . Values of the maximum, the minimum, and the standard deviation show that the coefficient is not constant. Bivariate Ljung-Box statistics (Hosking, 1980) for standardized residuals and squared standardized residuals of and do not detect remaining autocorrelation or conditional heteroskedasticity at the 5-percent level. The bivariate GARCH-M DCC model in equations (1a) to (9) adequately represent each country.
The marginal effect of US manufacturing income on exports proves significantly positive for all countries. Seven of the eight Asian countries experience contemporaneous effects, three experience one-month-lagged, and two experience two-month-lagged effects. The cumulative effect ranges from 1.745 for Malaysia, 2.371 for Japan, to 3.282 for Thailand. Different countries respond differently to the US economy. Generally, quick adjustments and large estimates reflect the small open-economy property of these economies.
Depreciation exhibits the expected positive effect on exports for the eight countries studied, but these effects prove insignificant only in Malaysia and Singapore.
2 The cumulative depreciation effect ranges from 0.226 for Singapore to 2.477 for Korea. Every country exhibits lower individual or cumulative depreciation effect than the US income effect, except Korea.
Exchange rate risk possesses significant effects on exports for all countries, negative or positive in periods of depreciation or appreciation. 
IV. Asymmetric Effects of Exchange Rate Risk
The sum of the coefficients of exchange rate risk in depreciation is significant for all countries except Singapore and Thailand. Five countries exhibit significant negative effects; one exhibits a significant positive effect. The magnitude of the sum ranges from 0.614 in Malaysia to -3.479 in Taiwan. The coefficient sum in appreciation is significant for Japan, Korea, Philippines, Singapore, and Thailand. Three countries exhibit a significantly negative sum; two exhibit a significantly positive sum. The magnitude ranges from 0.494 for the Philippines to -3.671 for Singapore. Generally, the exchange rate risk affects exports for all countries. The effect proves negative for depreciations or appreciations in four countries --Indonesia, Japan, Singapore, and Taiwan. It exhibits a mixed negative or positive effect for depreciations or appreciations for the other four countries --Korea, Malaysia, the Philippines and Thailand. In sum, all eight countries exhibit weak asymmetry.
An asymmetric effect of exchange rate risk on exports exists, if either or (or both) significantly differs from zero and also differs significantly from zero. Since the exchange rate risk exhibits significant effects on exports either in depreciation or appreciation (or both), the difference between the two coefficient sums, , determines the test. significantly differs from zero for Japan, Korea, Malaysia, the Philippines, and
Singapore. In sum, these five countries exhibit strong asymmetry. The difference between the two coefficient sums insignificantly differs from zero in Indonesia, Taiwan, and Thailand.
Nonetheless, these three countries still exhibit weak asymmetry.
Exchange rate depreciation (appreciation) exhibits the expected positive (negative) effect on exports (i.e., c i coefficients) in each country, except for Malaysia and Singapore. The effect of exchange rate risk can complement or offset such exchange rate effects, depending on the country, whether the exchange rate depreciates (appreciates), and whether the exchange rate risk increases (decreases). Assuming that larger exchange rate adjustments associate with higher exchange rate risk, we can draw the following inferences from our estimates. If these Asian countries try to stimulate their exports by depreciating their currencies, those attempts to stimulate exports receive significant reinforcement from the exchange rate risk in Malaysia, but offsetting effects in Indonesia, Japan, Korea, the Philippines, and Taiwan.
Previous empirical results on the effects of exchange rate risk without distinguishing asymmetric responses provide mixed results. As a comparison, we also estimate the symmetric-effect GARCH model in equations (1) to (9). Table 6 reports estimates. Diagnostic tests support the statistical appropriateness of the dynamic conditional correlation bivariate GARCH-M model. First, the positive effects of US manufacturing income of the two models produce a reasonable match. Second, significant positive depreciation effects exist for all eight countries in the symmetric effect model. Although they exhibit similar patterns in the two models, the effect proves insignificant in the asymmetric model for Malaysia and Singapore. That is, the symmetric model provides more evidence of positive depreciation effects than the asymmetric model. Third, the cumulative exchange rate risk effect in the symmetric model proves significantly negative for three countries --Indonesia, Japan, and Taiwan -and not significant for the other five countries. These findings agree with the majority of prior studies, which conclude with either a negative exchange rate risk effect or no effect. In contrast, the asymmetric model identifies significant negative exchange rate risk effects for all countries, except Malaysia, for appreciations, depreciations, or both. Malaysia along with Korea and the Philippines exhibit significant positive effects for appreciations or depreciations. The asymmetric model that allows different responses during depreciations and appreciations provides more evidence of the effect of exchange rate risk on exports.
More recently, Klaassen (2004) finds no exchange rate risk effect on monthly bilateral US exports to other G7 countries, arguing that the exchange rate risk does not exhibit sufficient variability to uncover its effect on exports, and suggests studying the effect, using data on developing countries, for which much more volatile exchange rate risk may exist. The present paper uses data on monthly bilateral exports from eight Asian countries to the US --seven developing and one developed. Applying the newly developed dynamic conditional correlation bivariate GARCH(1,1)-M model and allowing asymmetric responses, we find significant exchange rate risk effects for all countries studied.
V. Summary and Discussion
This paper applies dynamic conditional correlation bivariate GARCH-M model to examine the asymmetric effects of exchange rate risk on exports, using monthly bilateral exports from eight Asian countries to the US over the period 1979 to 2003. The empirical results summarize as follows. For all the eight countries, foreign income affects exports positively and significantly with contemporaneous, one-month-lagged or two-month-lagged effects. Exchange rate depreciation exhibits the normal positive effect, but proves insignificant in two countries. Real exchange rate risk (volatility) produces significant effect on exports for all countries, negative or positive. Moreover, all countries also exhibit either weak or strong asymmetry with respect to exchange rate risk during appreciations and depreciations of the exchange rates. For Japan, Korea, Malaysia, the Philippines, and Singapore, the effects of exchange rate risk prove strongly asymmetric. The pattern of weak or strong asymmetry shows the following results. Indonesia, Japan, and Taiwan respond negatively to exchange rate risk during depreciations. Korea and the Philippines respond negatively to exchange rate risk during appreciations and positively in appreciations. Malaysia exhibits only a positive exchange rate risk effect during depreciations.
In sum, the conventional assumption of a symmetric effect of exchange rate risk at the aggregate level appears invalid. Given our asymmetric effects, then unfavorable effects of exchange rate risk on exports prove significant in five countries -Indonesia, Japan, Korea, the Philippines, and Taiwan -during depreciations, but in only three countries -Japan, Singapore, and Thailand -during appreciations. Unfavorable effects of exchange rate risk exist during depreciations and favorable effect during appreciations for Korea and the Philippines. The role of the exchange rate in determining export revenue may prove less predictable, given asymmetric effects. Consider the effect of depreciations in Korea and the Philippines. In Figure 2 , their currencies depreciated substantially against the dollar in recent years, especially after the Asian crisis of 1997. Although both countries possess strong positive depreciation effects (the highest estimates among the eight countries in Table 3 ), the asymmetric effect generates a negative exchange rate risk effect, leading to an uncertain net effect of the depreciation on exports. This last statement assumes that the recent depreciation associates with higher exchange rate risk, which appears to be the case from Figure 2 . The negative exchange rate risk effect could offset or even dominate the positive depreciation effect. For Malaysia, however, the asymmetric exchange rate risk effect reinforces the positive effect of depreciation. 
Note:
The data are obtained from Direction of Trade of the IMF, exports to the US/total exports. (Hosking,1980) of the standardized and squared standardized residuals for autocorrelations up to 6 lags. 
denotes significance at the 5-percent level. ** denotes significance at the 10-percent level. 
